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HIGH-PRESSURE FUEL PUMP WITH A BALL VALVE IN THE 



LOW-PRESSURE INLET 



[0001] Background of the Invention 



[0002] The invention is based on a high-pressure fuel pump, known from German Patent 
DE 101 17 600, for a fuel injection system, having a housing, having a low-pressure inlet, 
having a supply chamber in which the fiiel is compressed, and having an intake valve between 
the supply chamber and the low-pressure inlet, in which a valve member of the intake valve is 
braced against a compression spring disposed in the supply chamber. 

[0003] In this high-pressure fuel pump, the valve member of the intake valve is embodied as 
a valve cone. 



[0004] Advantages of the Invention 



[0005] In a high-pressure fuel pump of the invention for a fuel injection system, having a 
housing, having a low-pressure inlet, having a supply chamber in which the fuel is 
compressed, having an intake valve between the supply chamber and the low-pressure inlet, a 
valve member of the intake valve being braced against a compression spring disposed in the 
supply chamber, the valve member of the intake valve is embodied as a ball. 

[0006] As a result, production of the high-pressure fuel pump is simplified, since a ball is 
cheaper to produce than a valve member with a sealing cone and a shaft, of the kind known 
from the prior art. Moreover, the efficiency of the high-pressure fuel pump of the invention is 
improved, since a ball together with the sealing seat forms a precisely defined circular sealing 
line, which despite unavoidable production variations in the manufacture of the valve seat 
provides very good sealing with respect to the valve seat. If the valve seat that cooperates 
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with the ball is round, then the intake valve of the invention provides very good sealing, even 
if the angle or the position of the valve seat cannot be produced with extreme precision. 

[0007] With the intake valve of the invention, it is also assured that all the intake valves of a 
mass-produced high-pressure fuel pump have virtually identical hydraulic properties, thus 
simplifying optimization of the mass-produced high-pressure fuel pump. 

[0008] In a variant of the invention, a spring plate is disposed between the compression 
spring and the ball, so that the fixation of the ball relative to the sealing seat is improved, and 
buckling of the compression spring is furthermore avoided. Moreover, the use of a spring 
plate makes it possible for the diameters of the compression spring and the ball to be 
different. It has proved especially advantageous if the diameter of the ball is less than the 
diameter of the compression spring, since in that case buckling of the compression spring is 
effectively averted, and the diameter of the ball optimally meets the hydraulic requirements of 
the high-pressure fuel pump. 

[0009] In a further feature of the invention, the valve seat that cooperates with the ball is 
machined into the housing, so that the number of sealing faces subjected to high pressure, and 
the number of components, are reduced compared to the high-pressure fuel pump known 
from the prior art. This increases the reliability of the high-pressure fuel pump of the 
invention and reduces its production and assembly costs. 

[0010] It has proved advantageous if the valve seat has a seat angle of between SO"" and 150°, 
and in particular between 80° and 100°. 

[001 1] As an altemative to the sealing seat disposed directly in the housing, the housing may 
also include a screw, which closes off a supply chamber bore from the outside, and in whose 
end face, toward the supply chamber, the valve seat is made. This variant has the advantage 



2 



that the intake valve can be installed or removed in the case of repair, for instance, without 
having to dismantle the high-pressure fuel pump completely, since the intake valve can be 
reached from outside via the screw. 

[0012] In a further feature of this variant embodiment, it is provided that the screw has a 
region of reduced diameter; that the reduced-diameter region together with the housing 
defines an annular chamber; and that the annular chamber conraiunicates hydraulically with 
the low-pressure inlet. It is thus assured in a simple manner that regardless of how far the 
screw has been screwed into the housing, a hydraulic communication with the low-pressure 
inlet always exists. 

[0013] The advantages of the invention are understood to come into play in a fuel system 
with a fuel tank, an injection valve that injects the fuel directly into the combustion chamber 
of an internal combustion engine, a high-pressure fuel pump, and a fiiel collection line to 
which the at least one injection valve is connected, if the high-pressure fuel pump is 
embodied in accordance with one of the foregoing claims. 

[0014] Further advantages and advantageous features can be leamed from the accompanying 
drawing, its description, and the claims. 

[0015] Drawing 

[0016] Shown are: 

[0017] Fig. 1, a first exemplary embodiment of a radial piston pump of the invention; 

[0018] Fig. 2, a second exemplary embodiment of the invention of a radial piston pump; 
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[0019] Fig. 3, an intake valve of the invention, shown enlarged; and 

[0020] Fig. 4, a schematic illustration of an internal combustion engine equipped with a 
high-pressure fuel pump of the invention. 

[0021] Description of the Exemplary Embodiment 

[0022] Fig. 1 shows a first exemplary embodiment of a high-pressure fuel pump 10 of the 
invention, in cross section. The high-pressure fuel pump 10 is embodied as a radial piston 
pump, with three pump elements 11. The pump elements 1 1 include a piston 13 which is 
guided in a cylinder bore 15. The cylinder bore 15 is embodied as a blind bore in a housing 
17 of the high-pressure fuel pump 10. Via production and assembly bores 19, the cylinder 
bore can be made. After the assembly of the high-pressure fuel pump of the invention, the 
assembly bores 19 are closed with plugs 21. 

[0023] The pistons 13 are driven by a drive shaft with an eccentric portion 22 via a polygonal 
ring 23 with flat faces 25. A piston base plate 27 rests on the flat faces 25 and causes the 
piston 13 to execute an oscillating motion when the drive shaft is driven and the polygonal 
ring 23 consequently executes a circular motion. The oscillating motion of the piston 13 is 
represented in one of the pump elements 1 1 by a double arrow 29. 

[0024] The cylinder bore 15 and the piston 13 define one supply chamber 31 per pump 
element 11; the volume of the supply chamber 31 depends on the position of the drive shaft. 
In the pump element 11, oriented vertically upward in Fig. 1, whose piston 13 is near its top 
dead center (TDC), the volume of the supply chamber 31 is minimal, while for the other 
pump elements 1 1 it is virtually at a maximum. By means of a compression spring 33, the 
piston base plates 27 and with them the pistons 13 are always kept in contact with the flat 
faces 25 of the polygonal ring 23. 
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[0025] For the sake of simplicity, not all the components of all the pump elements 11 are 
identified by reference numerals. However, all three pump elements 1 1 are of identical 
construction and have identical components. 

[0026] The cylinder bore 15, as already noted, is embodied as a blind bore. On the end of the 
cylinder bore 15, an intake valve 35 is provided, having a sealing seat 37 and a ball 39 that 
cooperates with the sealing seat 37. The ball 39 is pressed against the valve seat 37, via a 
spring plate 41, by a compression spring 43 that is braced on its other end on the piston 13. 

[0027] The compression spring 43 is dimensioned such that at bottom dead center, fuel is not 
automatically aspirated. If a metering unit, not shown, disposed on the intake side of a high- 
pressure fuel pump 10, is closed, then the high-pressure fuel pump 10 does not pump any 
fuel. If the metering unit is fully or partly open, an overpressure generated by a prefeed pump 
(not shown) builds up upstream of the intake valve 35, by which overpressure fuel is pressed 
into the supply chamber 31 counter to the compression spring 43. The metering unit has the 
task of adjusting the overpressure upstream of the suction chamber such that the desired 
supply quantity is pumped by the high-pressure fuel pump 10. 

[0028] If the piston 13 has moved in the direction of its top dead center, then the prestressing 
of the compression spring 33 increases so sharply that the ball 39 is pressed against the 
sealing seat 37, and thus the communication between the supply chamber 31 and the low- 
pressure inlet 45 is disrupted. This effect is reinforced very substantially by the increasingly 
higher pressure in the supply chamber 3 1 . 

[0029] As an alternative, the compression spring 43 may also be dimensioned such that the 
ball 39 is still pressed slightly against the sealing seat 37 even at bottom dead center (BDC) of 
the piston 13. Only if an adequate overpressure, compared to the pressure in the supply 
chamber 31, prevails on the low-pressure side, not shown in Fig. 1, of the high-pressure fuel 



5 



pump 10, does fuel flow into the supply chamber 31. The pressure on the low-pressure side 
of the high-pressure fuel pump 10, that is, the intake side of the supply chamber 31, and 
hence the supply quantity of the high-pressure fuel pump 10 are adjusted by a metering unit, 
not shown in Fig. 1, of a control unit (not shown), as a function of the engine operating state. 

[0030] By these provisions, it is assured that even if the fuel inflow via the low-pressure inlet 
45 into the pump elements 1 1 is throttled by the metering unit, not shown, each of the pump 
elements 1 1 aspirates virtually the same fuel quantity, thus producing a uniform torque and 
power demand for the high-pressure fuel pump 10. This improves the concentricity of the 
engine, especially in idling. 

[0031] Because the piston 13, even at top dead center, is not guided over its entire length in 
the cylinder bore 15, an adequate "overrun" exists for honing tools or the like. This overrun 
makes it easier to produce the cylinder bore 15 that is embodied as a blind bore. 

[0032] A high-pressure outlet and the associated pressure valve are not shown in Fig. 1, since 
the high-pressure outlet and the associated pressure valve are disposed perpendicular to the 
plane of the drawing, behind the pump elements 11. The disposition of these components can 
be found in German Patent 101 17 600, which is hereby expressly incorporated by reference. 

[0033] The use of a spring plate 41 between the ball 39 and the compression spring 43 
improves the guidance of the ball 39. Moreover, because of the improved area of contact of 
the compression spring 43 on the spring plate 41, buckling of the compression spring 43 can 
be prevented. Finally, the diameter of the ball 39 can be selected independently of the 
diameter of the compression spring 43, which can be advantageous in optimizing the high- 
pressure fuel pump 10. 
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[0034] However, it is readily conceivable and possible also to dispense with the spring plate 
41 (an option not shown), so that the compression spring 43 rests directly on the ball 39. 

[0035] In the first exemplary embodiment, shown in Fig. 1, of a high-pressure fuel pump 10 
of the invention, there is only a very small number of high-pressure sealing points. These are 
in particular the sealing seat 37 in conjunction with the ball 39 and the annular gap between 
the piston 13 and the cylinder bore 15. This low number of high-pressure sealing points in 
many cases justifies the somewhat greater production cost for producing the cylinder bore 15 
if the cylinder bore is embodied as a blind bore. 

[0036] The specific advantages of an intake valve 35 embodied as a ball valve will be 
described in detail hereinafter in conjunction with Fig. 3. 

[0037] In Fig. 2, a second exemplary embodiment of a high-pressure pump 10 of the 
invention is shown, again in section. Identical components are identified by the same 
reference numerals, and what is said with regard to Fig. 1 applies accordingly. The essential 
distinction from the first exemplary embodiment is that the cylinder bore 15 is embodied not 
as a blind bore but as a through bore. In this exemplary embodiment, the cylinder bore 15 is 
closed by a screw 47. The sealing seat 37 of the intake valve 35 is machined into the screw 
47. 

[0038] The function of the intake valve 35 will now be explained in further detail in 
conjunction with Fig. 3, which shows an enlarged detail A of Fig. 2. 

[0039] In Fig. 3, the piston 13 is at top dead center. Accordingly, the supply chamber 31 has 
its minimal volume, and the ball 39 seals off the supply chamber 31 from the low-pressure 
inlet 45 of the high-pressure fuel pump 10. This sealing takes place along a circular sealing 
line (not shown), which results from the line of contact between the ball 39 and the sealing 
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seat 37. The tightness of this intake valve 35 embodied as a ball valve is very high, since 
there is only linear contact between the ball 39 and the sealing seat 37, resulting in a 
correspondingly high pressure per unit of surface area on the sealing line. Moreover, the 
demands for precision in the production of a tightly closing ball valve are less stringent than 
for conical valves. Depending on how the angle a of the sealing seat 37 is selected, the 
diameter of the sealing line between the ball 39 and the sealing seat 37 for a constant ball 
diameter can be varied. It has been found that seat angles a of between 30° and 150*^ are 
possible, and as a rule, a seat angle a of 90^ leads to very good results. 

[0040] The sealing seat 37 is adjoined by an axial bore 48 and a transverse bore 49. 
Altematively, a plurality of transverse bores 49 (not shown) may be provided. The transverse 
bore 49 discharges into an annular chamber 50, which is defined by the housing 17 and a 
reduced-diameter region 50 of the screw 47. On a face end 52 of the screw 47, a biting edge 
53 is embodied, which seals off the annular chamber 51 from the supply chamber 31. 

[0041] The annular chamber 51 communicates hydraulically with the low-pressure inlet 45, 
not visible in this view, of the high-pressure fuel pump 10. Because the annular chamber 
surrounds the screw 47 on all sides, fuel can be aspirated into the supply chamber 31 via the 
transverse bore 49 and the axial bore 48, regardless of how deeply the screw 47 has been 
screwed into the housing 17. 

[0042] By the use of an intake valve 35 embodied as a ball valve, the efficiency of the high- 
pressure fuel pump is increased, since the ball 39 uncovers a large flow cross section, as soon 
as it Ufts from the sealing seat 37, and hence the fuel can be aspirated quickly and without 
major flow losses. For that purpose, it is also advantageous if with the intake valve 35 open, 
the annular cross-sectional area between the sealing seat 37 and the ball 39 is approximately 
up to 20 times larger than the cross section of the transverse bore 49. 
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[0043] Moreover, because of the good sealing properties of the intake valve 35 embodied as 
a ball valve, during the pumping stroke of the piston 13 no fuel is forced back out of the 
supply chamber 31 into the low-pressure inlet 45. 

[0044] In Fig. 4, an internal combustion engine 54 is shown schematically. It includes a fuel 
injection system 56. The fuel injection system in turn has a fuel tank 58, from which an 
electric low-pressure fiiel pump 60 pumps fuel. 

[0045] The electric low-pressure fuel pump 60 pumps fuel to the high-pressure fuel pump 
10, which is embodied as shown in Figs. 1 and 2. The high-pressure outlet 18 of the high- 
pressure fuel pump 10 communicates with a fuel collection line 62. This is generally also 
called a "common rail". A total of four injection valves 64 are connected to the fuel 
collection line 62. They each inject the fuel directly into combustion chambers 66 of the 
engine 54. 
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